Background: Active video games (AVGs) encourage whole body movements to interact or control the gaming system, allowing the opportunity for skill development. Children with autism spectrum disorder (ASD) show decreased fundamental movement skills in comparison with their typically developing (TD) peers and might benefit from this approach. This pilot study investigates whether playing sports AVGs can increase the actual and perceived object control (OC) skills of 11 children with ASD aged 6-10 years in comparison to 19 TD children of a similar age. Feasibility was a secondary aim. Methods: Actual (Test of Gross Motor Development) and perceived OC skills (Pictorial Scale of Perceived Movement Skill Competence for Young Children) were assessed before and after the intervention (6 × 45 min). Results: Actual skill scores were not improved in either group. The ASD group improved in perceived skill. All children completed the required dose and parents reported the intervention was feasible. Conclusion: The use of AVGs as a play-based intervention may not provide enough opportunity for children to perform the correct movement patterns to influence skill. However, play of such games may influence perceptions of skill ability in children with ASD, which could improve motivation to participate in physical activities.
Introduction
Autism spectrum disorder (ASD) is a lifelong neurodevelopmental disorder that is characterized by significant impairments in social communication, the presence of restricted or repetitive behaviors, and in many cases significant motor impairments. 1 ASD affects around 1% of the population worldwide, impacting on relationships, quality of life, and well-being. 1 Interventions that target physical activity (PA) in individuals with ASD are beginning to gain an increased focus. PA provides numerous physical and psychological benefits to children 2 and can have a positive influence on behaviors specific to ASD, such as reducing stereotypical behaviors and positively influencing social functioning, communication, and academic performance. 3 Current recommendations state that children should participate in 60 min or more of developmentally appropriate moderate-tovigorous PA on most days of the week. 2 However, only 1 in 5 typically developing (TD) Australian children reaches the recommended levels of activity, 4 and children with disabilities, including ASD, are even less likely. 5, 6 Children with ASD can also have a strong preference for sedentary and indoor activities and activities that involve visual-spatial skills, such as screen-based activities. 7 Not achieving PA recommendations may reduce the opportunity for children with ASD to improve their fundamental movement skills (FMS). FMS includes object control (OC) (i.e., controlling implements and objects using the hand, foot, or other parts of the body, such as catching or throwing a ball), locomotor (i.e., running, jumping), and stability or balance skills. 8 These skills are necessary in the development of more complex movement skills required for participation in sports or
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PA later in life. 8, 9 A positive relationship between early childhood FMS level and PA later in life has been demonstrated. 10 Additionally, low FMS is associated with lower cardiorespiratory fitness and an increased rate of obesity. 9 Perceived physical competence is also an important positive correlate of PA behavior in children and adolescents. 11 Stodden and colleagues 12 described in their conceptual model a positive spiral of engagement where children's PA participation influences movement skill development, which increases perceptions of competence and in turn encourages more PA, thereby increasing their movement competence. Approximately 80% of children with ASD show decreased FMS mastery in comparison with their TD peers. 8, 13 Poor movement skills can impact the ability of children with ASD to participate in group activities 14 and to develop social relationships with their peers. 15 Impairments in FMS, particularly ball skills and balance, are also associated with emotional or behavioral disturbance in children with ASD. 16 Yet few evidenced-based interventions specifically target FMS for children with ASD. Group-based interventions can result in significant stress due to physical skill and social interaction requirements. 17 Along with technological advancements came the rise of active video games (AVGs), such as the Nintendo Wii (Nintendo, Taipei, China) and Xbox Kinect (Microsoft, Redmond, WA, USA), which can be played alone. AVGs require the player to engage in whole body movements to interact within a virtual world, 18, 19 and can increase time of being physically active, 18 increase energy expenditure, 18, [20] [21] [22] [23] and can be enjoyable and motivating. 24, 25 AVGs may also have potential for skill improvement. 26, 27 Yet the use of AVGs to target FMS in the TD population has had varying results. A randomized control trial using coaching (2 experimental groups: traditional approach (specifically designed lesson plans focusing on FMS skills) or AVG use, such as Xbox Kinect play and skill coaching) found that post-test OC scores were greater in both experimental groups in comparison with the control group. 28 In contrast, 2 other interventions in TD children using a play-based approach did not improve actual or perceived OC skill proficiency. 29, 30 Both studies utilized a 2-group pre-post experimental design in which children, aged 4-8 29 and 6-10   30 years old, engaged in AVG play once a week for 6 weeks. It is possible that in TD children, a play-based AVG intervention is not enough to promote skill development. Children may need to have a lower baseline skill level to be able to benefit from such an unstructured intervention. The use of AVGs for skill development has also been investigated in non-TD children. One study demonstrated that AVG use allowed 17 children with cerebral palsy (aged around 10 years) to participate in PA and practice complex movement skills. 31 Similarly, a study with 14 children with spastic hemiplegic cerebral palsy reported improvements in balance after a 3-week AVG intervention. 32 In children with ASD, 2 American studies reported that AVGs had potential to decrease repetitive behaviors and improve executive functioning in children. 33, 34 To date, no research has investigated whether the use of AVGs can influence the actual or perceived FMS of children with ASD. Therefore, this study aims to investigate whether a play-based AVG intervention can improve the actual or perceived OC skills of children with ASD relative to TD children. A secondary aim was to explore whether AVGs are a feasible intervention for children with ASD. Given children with ASD generally have lower FMS than TD children, it was hypothesized that the AVG intervention would have a greater impact on actual or perceived FMS in children with ASD relative to TD children.
Materials and methods

Participants
Participants for the ASD group were recruited using purposive sampling through poster and newsletter advertisements displayed at established local referrers or through direct letters of invitation, sent to the parents of previous unrelated study participants who gave written informed consent to be contacted about future studies. Participants were required to meet the following inclusion criteria: (1) Diagnostic and Statistical Manual of Mental Disorders (DSM)-V diagnosis of ASD or DSM-IV diagnosis of autistic disorder, Asperger disorder, or pervasive developmental disorder not otherwise specified confirmed by a pediatrician or psychologist, with an intelligence quotient (IQ) score of >70; (2) ASD range on the Autism Diagnostic Observation Schedule; (3) in Grades 1-5 of primary school at the time of the study; and (4) no genetic conditions (i.e., fragile X syndrome) or a condition that impacts their PA performance (i.e., cerebral palsy).
A total of 11 children with ASD aged 6-10 years (in Grades 1-5 of primary school) had written permission from their parents to participate. Three of the participants were diagnosed with autistic disorder, 3 with Asperger disorder, 1 with pervasive developmental disorder not otherwise specified, and 4 with ASD. The mean IQ was 104.18 ± 17.79, and the range was 73-142.
The TD sample was drawn from a previously completed study in which children did not improve their actual or perceived OC skills. 30 In the said study, informed written consent was obtained from the school (via the principal) and parents. Children aged 6-10 years were randomly allocated into either an intervention (n = 19) or control group (n = 17). For the purpose of this study, only data from the intervention group were included. All procedures were carried out with ethical approval from Deakin University Human Research Ethics Committee.
Measures
Demographic information of both sets of participants was collected at the time of consent through a parent survey asking for demographic information (including their relationship to the child, country of birth, language spoken at home, highest level of education attained, and current employment level), and also child participation in ball sports outside of school, ownership of an AVG console, time (min) of electronic leisure use per week, and diagnosis and full-scale IQ (ASD group only). Additionally, the ASD group completed any further required diagnostic assessments, including the Wechsler Intelligence Scale for Children 35 and the Autism Diagnostic Observation Schedule-2.
36
The Test of Gross Motor Development-3 (TGMD-3) assessed the participants' OC competence (2-hand strike, forehand strike, stationary dribble, catch, kick, overhand throw, and underhand throw) pre-and post-intervention according to the standard protocols. The TGMD 37 is a standardized measure designed to assess the gross motor abilities of children aged 3-11 years norm-referenced every 15 years, with the third edition due to be formally released in 2016. Each skill of the TGMD-3 has a number of components that need to be performed in order for the child to perform the skill competently. Each component of the skill is given a score of "1" if it is present or a score of "0" if absent. The 2 trials are summed for a total skill score. At completion, each skill score is added to get a subtest raw score. Assessment of children in the ASD group was filmed and then scored at a later date by a trained observer. Children in the TD group were assessed live in the school setting by 2 trained observers. Before assessment, observers for both samples coded sample videos of children performing the TGMD-3 online as issued by the instrument developers and scored ≥0.95 in terms of agreement with the pre-coded videos.
The 2 additional golf skill assessments, a golf swing and golf putt, were developed via a Delphi consultation, based on the format of the TGMD. These skill assessments have been shown to have acceptable intra-rater (intraclass correlation coefficient (ICC) = 0.79, 95% confidence interval (CI): 0.59-0.90) and test-retest reliability (ICC = 0.60, 95%CI: 0.23-0.82). 38 This assessment was included due to the presence of the golf minigame in the intervention.
The Pictorial Scale of Perceived Movement Skill Competence (PMSC) for young children was utilized to assess children's perceived competence in OC skills before and after the Xbox intervention period. The PMSC has face validity, good test-retest reliability, 39 and evidence of construct validity 40 for TD children. The PMSC involves the researcher showing the children a picture of a skill being performed "poorly" alongside an image of a child performing a skill "well" for the children to indicate which picture they believe best represent them (e.g., "this child is pretty good at kicking, this child is not that good at kicking, which child is most like you?"). Within each chosen picture, the children were asked to specify their perceived competence corresponding to a 4-point Likert scale. For the pictures with the skill being performed well, options include really good representing a score of 4 and pretty good indicating a score of 3, whereas the pictures with the skill performed poorly had the following options: sort of good representing a score of 2 or not that good at representing a score of 1. The PMSC is reverseordered, where the skill being performed well changes from the left to the right of the page, increasing the internal validity of the results by helping identify respondents who may simply point to one side of the page. 41 The skills corresponded to the skills performed in the TGMD-3 and the 2 golf skills. In the current ASD sample, the total perceived skill battery had good internal consistency using Cronbach's α (0.82).
AVG intervention
The Xbox Kinect was used as the AVG intervention. The Kinect is a motion-sensing input device for the commercially available Xbox 360 console and does not require the player to hold or wear anything, allowing for a free range of movement. 42 The games used for both TD and ASD groups were Kinect Sports Season 1, Kinect Sports Season 2, and Sports Rivals (TD group only). For the TD group, Kinect Adventures (which provides limited OC opportunities) was offered in the final week to maintain interest. Specific mini-games (e.g., baseball, golf, tennis, table tennis, soccer, bowling, volleyball, and football) were prioritized in order of preference based on their ability to provide practice of OC skills.
The ASD group was instructed to engage in the intervention for 45-60 min, 3 times a week, for 2 weeks (6 sessions in total) within their own home. During the intervention phase, parents were asked to complete a game record form by detailing the date, start, and finish time of each gaming session and which games were played. The Xbox Kinect was set up in the participants' homes by the researchers after completion of preassessment. Children and their parents were provided with a short tutorial on the use of the Xbox Kinect, the prioritized game list, and a game record form, and were instructed on the desired frequency and duration of play. The children could choose what games to play from the prioritized game list.
The TD group participated in 50 min gaming sessions once a week during school lunchtimes (1:00 p.m.-1:50 p.m.) for 6 weeks (6 sessions in total). Two Xbox Kinect consoles were set up on 2 televisions in the school's media room, with the sports games rotated each week. If a child was absent, he or she was asked to attend the next available session. A game record form was completed by the researchers to detail the amount of time (min) each child spent playing each sports game. 30 At the completion of post-intervention testing, the parents of the children with ASD participated in an interview relating to their experience of the study, how their children responded to the intervention, and how feasible they believe using AVGs as an intervention would be for their family. Questions were drawn from the previous study (Appendix 1). 30 
Procedures
A 2-group pre-and post-test experimental design was utilized in which experimental and control groups both engaged in an AVG intervention and differed only in diagnosis (i.e., an ASD group was compared with a TD comparison group). All ASD group data were collected within participants' own homes and TD group data at the participants' school.
Data analyses
All data analyses were completed using SPSS Version 22 (IBM Corp., Armonk, NY, USA). Descriptive demographic data were first presented. A Wilcoxon signed-rank test was used to determine whether in the ASD group there was a significant difference between pre-and post-intervention actual and perceived OC scores using a significance level of p < 0.05. A series of general linear models, adjusting for potential confounding variables, 30 was used to assess if there was a significant difference between pre-and post-actual or perceived OC score of the children with ASD relative to the TD sample. Because of the limited statistical power, these adjustments were performed in separate models rather than in 1 model. Each model had actual (or perceived) OC score as the outcome and group (TD or ASD) as the predictor, and was adjusted for pre-intervention actual (or perceived) OC score and child age. Model 2 also adjusted for owning an AVG at home, whereas Model 3 adjusted for the sex of the child, Model 4 for previous participation in ball sports, and Model 5 for pre-score of either actual or perceived competency (whichever was not already included). For the feasibility data, interviews were recorded and transcribed verbatim, and then descriptively analyzed in terms of practicality and feasibility of the intervention. Table 1 presented the descriptive baseline information of both the ASD and TD groups. The demographics are similar, but the children with ASD have lower levels of actual skill and similar levels of perceived skill.
Results
Descriptive data
The total time spent using the Xbox Kinect during the intervention period was 59.3 h (5.4 ± 1.6, mean ± SD) for the ASD group and 76.2 h (4.00 ± 0.58) for the TD group. For both the ASD and TD groups, most time was spent playing striking games (29.3 h and 54.3 h), followed by other OC sports games (20.9 h and 15.6 h) and non-OC games (9.1 h and 6.3 h). For the ASD group, the most commonly played game was tennis (8.4 h), followed by golf (7.8 h) and bowling (7.6 h), whereas for the TD group the most commonly played games were golf (17.2 h), baseball (14.6 h), and table tennis (13.2 h).
OC skill improvement
The mean ± SD values for the TGMD-3 and the golf skill assessment are presented in Table 2 . The results from relatedsample Wilcoxon signed-rank test for the ASD group showed no significant increase between the pre-and post-intervention mean scores on the TGMD-3, the golf skill assessment, and the overall OC skill scores. However, perception of skill in the ASD group significantly increased by around 2 units (p = 0.044).
The results from the general linear model analysis of the ASD group and TD group in terms of actual skills are presented in Table 3 . The 5 models demonstrated no significant differences between the TD and ASD groups in actual skill (i.e., on the row reflecting "Group (TD)" in Table 3 , it is clear that there was no significance for actual skill in any of the models). There were significant covariates in some models, that is, owning an AVG console (Model 2), participant age (older) (Model 4), and previous participation in ball sports (Model 4).
The results from the general linear model analysis of the ASD group and TD group when skill perception was the outcome are also presented in Table 3 . Model 5 (adjusting for pre-actual skill score) demonstrated a significant difference between the TD and ASD groups. Model 4 (adjusting for participation in ball sports prior) approached significance. The 3 other models demonstrated no significant difference between the TD and ASD groups in terms of skill perception. Gender (boy) was a significant positive covariate in Model 3.
Feasibility
The majority of the participants met the dose delivered; however, some parents suggested that the children became unenthusiastic after playing too long or when problems began to arise, as in the following examples: She kept on dropping out before that, she was pretty much doing 20 min sessions Table 1 Demographic and baseline data of the TD and ASD children (n (%) or mean ± SD).
TD (n = 19)
ASD (n = 11) Abbreviations: ASD = autism spectrum disorder; AVG = active video game; TD = typically developing. 
Parent information
. There were a few "MUM IT'S NOT WORKING" "Did you raise your hand?" "OH OKAY GOT IT" (Participant 1).
In contrast to this, 1 parent explained that the child needed constant supervision to play: He needed total adult supervision the whole time, every session, our undivided attention (Participant 7).
Child and family characteristics were also mentioned as key reasons AVG play would not take time away from actual PA or to take over and become an obsession, as in the following examples: No, he would always rather the organized sports he does (Participant 2). Oh no, he and his sister still want to go outside and play, this wouldn't stop them from doing that. I mean he does enjoy the Xbox but like last night they spent an hour outside on the trampoline together (Participant 10).
Parents mentioned that they noticed increased issues with play and frustration when their children were playing games where they did not understand the context: I think some of the things were that he's never had any exposure to the games that were presented, like the individual sports. So he's held a tennis racket once at school in PE . . . He's never watched a game of tennis before, the same, baseball, American football, we've played mini golf but that's very different to a bigger swing. So I think there was a lack of context, so we needed to explain everything, which is why we had to be in the room (Participant 7).
Parents also suggested that AVG use might increase their children's willingness to give the game a go in a real-life situation, as in the following examples: Yeah I was good at that lets give it a go . . . I think that's part of the confidence thing. 
And also an understanding of what the game is, what it looks like, how it works and the rules too (Participant 2). Because of
Discussion
This study found no significant improvement in the actual OC skill scores of children with ASD who participated in an Xbox Kinect gaming program for 45-60 min, 3 times a week for 2 weeks. Children with ASD did, however, improve their perceptions of competence, and also when compared with the TD children.
As far as the authors are aware, this is the first study investigating the impact of AVGs on the OC skills of children with ASD. It was hypothesized that children with ASD may have more potential to improve their skills through AVG play compared with TD children as their FMS is generally lower. This hypothesis was not supported as the children with ASD did not improve their actual OC skills. Similarly, a recent study that investigated the influence of playing Nintendo Wii on movement skills of 21 children aged 9-12 at risk of developmental coordination disorder also found no significant improvements. 43 The current study was designed to investigate whether "play" improved OC skill. Therefore, children were not provided with instruction and coaching. In contrast, each session in the AVG program implemented by Vernadakis et al. 28 with TD children was led by an experienced motor skill instructor who delivered specific lesson plans based on the emerging developmental motor need of the participants and provided feedback on the correct performance of each targeted skill. This is important as it suggests that AVG "play" alone may not be enough to influence the acquisition of skill in either TD or ASD children, unless it is combined with a structured movement skill intervention. The "dose" of the intervention program used by the studies may also be a possible reason for the difference in results. The intervention by Vernadakis et al. 28 in TD children was an 8-week program consisting of 30 min sessions, twice a week (480 min in total), whereas this study had a mean total dose of 5.4 h (323 min). It is possible that this time was not sufficient enough to produce a significant change in OC skills.
Another plausible explanation for the lack of impact on OC skill is that AVGs may not provide enough opportunity to correctly perform the specific movement components assessed in each of the OC skills. This study did not assess the movement patterns performed by participants with ASD during AVG play. However, during the previous study from which the intervention group TD data were drawn, 30 observations indicated that correct execution of skill components was only present 40% of the time during baseball, tennis, and table tennis, 10%-20% of time for golf, and approximately 5% of the time for soccer. 44 It is possible that the children with ASD displayed similar movements, limiting the opportunity for the development of OC skills.
Interestingly, whereas actual OC skill did not improve, child self-perceptions did. A mean increase of 2 points was seen in perceived competence for children after the intervention, but only in the children with ASD. This can be interpreted as children increasing self-perception from "sort of good" to "pretty good" on 2 skills (e.g., kick and catch). Because children with higher perceived competence have a higher likelihood of engaging in or continuing a behavior or activity, 12 increasing the perceived competence of children with ASD from "sort of good" to "pretty good" in a skill has the potential to increase their engagement in mastery attempts of activities involving this skill, and may subsequently increase PA levels and drive the acquisition of actual competence. This was also reflected in the parent comments where parents had noted that their children were now interested in trying new sports and activities (e.g., tennis) as a result of building up confidence by playing the AVG game. Other studies show support of the ability for AVG play to increase non-TD child physical self-perception. Three sessions a week of a 10 min Nintendo Wii intervention for 4 weeks in 18 children (aged 7-10) with movement difficulties showed an increase in overall self-perceived ability in a range of movement tasks. 45 Similarly, a 16-week intervention where 21 children played Sony PlayStation 3 (Sony Corp., Tokyo, Japan) with Move and Eye motion input devices and an Xbox 360 for a minimum of 20 min 4 or 5 days every week increased the perceived competence of children with developmental coordination disorder. 43 AVG use may, therefore, have the ability to increase perceived competence of non-TD children, such as those with ASD.
We also found that AVG use was a feasible intervention. All children completed the intervention. Parents indicated that AVGs would be able to be delivered practically considering family time and commitment, and the intervention was generally responded to well by the parents. There were positive aspects of AVG use that parents noted, such as flexibility of game play, appeal to their children's interests and ability, as well as the potential to increase actual PA and reduce sedentary media time. However, barriers to AVG use were also expressed, such as lack of context of sporting games and supervision of the children.
The study strengths were the pre-and post-test experimental design and the use of valid and reliable measures for actual and perceived OC skills. The main limitation is the small sample size of the ASD group, limiting the generalizability of the results. However, as a "proof-of-concept" study, and when put into the context of other research into children with ASD, which commonly utilize single-group designs and small sample sizes, 33, 34 the current study is still noteworthy. A potential limitation in terms of comparability of the samples is that the TD children had their 6 sessions over 6 weeks, whereas the children with ASD had their sessions over a fortnight. Although all children experienced a similar frequency of dose (i.e., 6 sessions of AVG play), the TD children averaged less time than the children with ASD (4 h of play compared with 5.4 h). It must be noted though that the children with ASD were not directly observed while playing (data gained from parent proxy report), and hence their actual dose may have been overestimated and thus in reality could be more similar to that of the TD children. PA intensity during game play was also not recorded. Hence, it was not known how intensity of the activity may have influenced any intervention effects.
Conclusion
Overall, this study did not find any significant increase in OC skills following a 2-week intervention of playing Kinect Sports on the Xbox Kinect, but did find an improvement in ASD children's perceptions of their own motor skills. These findings suggest that the use of AVGs (45-60 min, 3 times a week for 2 weeks) as a play-based intervention to improve OC skills may not provide enough opportunity for children to perform the correct movement patterns to influence OC skill when delivered in the current format. An AVG program may be more successful when used for a longer period of time or when incorporated in a therapy session within a structured environment, rather than for "play" in an unstructured in-home environment. However, play of sports-based AVG games may influence ASD children's perceptions of their skill ability, which could lead to positive active behavior.
